This paper describes how the Visual Simulation Environment (VSE) technology has been transferred into a commercial product. The VSE has been created under research funding, primarily from the U.S. Navy for over a decade.
INTRODUCTION
The Visual Simulation Environment@ (VSE) technology enables discrete-event, general-purpose, object-oriented, picture-based, component-based, visual simulation model development and execution for solving complex problems. The reader is referred to the following references for further information on VSE (Balci et al. 1997a, b, c, d ; http://www.OrcaComputer.com).
Technology transfer, in simple terms, is the sharing of technology, developed usually at a government facility, with the public and/or private sector. U.S. Air Force (http://tto.wpafb.af.mil/TTO/techtran/whatxfer.htm) defines three types of technology transfer: Technology Transition is the movement of technology from a research and development laboratory to a first time application. This is called the vertical movement of technology. Technology Transfusion is the reuse of a particular technology in a follow-on application. This is called the horizontal movement of technology. improve the model quality by effectively assisting in the quality assurance of the model; .
significantly increase the efficiency and productivity of the project team; and . substantially decrease the model development time.
Guided by the fundamental requirements identified by Balci (1986b) , incremental development, evolutionary prototyping, and rapid prototyping approaches have been used to develop the prototypes of SMDE tools on a Sun computer workstation. The object-oriented paradigm, enunciated by the Conical Methodology (Nance 1987 (Nance , 1994 , has furnished the underpinnings of the SMDE research environment (the collection of tool prototypes). An overview of the SMDE architecture and prototype tools is given by Balci and Nance (1992) .
In 1987, the research project began investigating visualization and increased emphasis on the use of the object-oriented paradigm. As a result, a Visual Simulation Support Environment (VSSE) research prototype was developed in April 1992 (Derrick 1988 (Derrick , 1992 Derrick and Balci 1994 ,1997 .
Based on the experience gained from the use of the SMDE and VSSE prototypes, development of the Visual Simulation Environment (VSE) started in August 1992 under the object-oriented software engineering environment of the Unix-based NEXTSTEP operating system. A fully functional research prototype of VSE was developed at Virginia Tech in July 1995 .
Contributors and their contributions to the SMDE, VSSE, and VSE projects at Virginia Tech are listed in Table 1 .
VSE TECHNOLOGY TRANSFER
The research that has led to the creation of the VSE technology has been conducted, primarily through funding from the U.S. Navy between 1983 and 1995, at Virginia Table 2 shows the commercial VSE release dates and the hosting software/hardware platforms.
Since the research that has led to the creation of the VSE technology has been primarily funded by the U.S. Navy, the U.S. Federal Government has intellectual property rights to VSE Version 1 .O. Therefore, VSE commercial version 1.0 is provided at no cost for use by U.S. Federal Government employees at Federal Government sites.
CONCLUDING REMARKS
The creation of VSE from research prototypes developed in the Simulation and Software Engineering Laboratory at Virginia Tech is an excellent example of. the double return on investment from tax dollars invested in university research. Students educated in simulation and software engineering at all levels (i.e., B.S., M.S., Ph.D.) are making valuable contributions in their current professional positions in industry and academia. The names of some of them can be found elsewhere in these Proceedings. Moreover, the ideas and collective efforts of faculty and students have evolved into the basis for the VSE product, whose creation led to the founding of Orca Computer, Inc. As "icing on the cake," VSE Version 1.0 is available at no cost for use by U.S. Federal Govemment employees at government sites.
In our case, technology commercialization was the main reason why Orca Computer, Inc. was founded. As a result, Orca now hires people, pays taxes and contributes to the economical development of Southwest Virginia. The VSE technology transfer improves the national economical competitiveness in discrete-event simulation by way of the following business goals of Orca: (Balci 1986a (Balci , b, 1987 (Balci , 1989 (Balci , 1990 (Balci , 1994 Balci et al. 1990; Balci and Nance 1985 , b, 1989 Nance 1983 Nance ,1984 Nance ,1987 Nance ,1994 Nance and Arthur 1988; Balci 1984, 1987) Lynne F. (Derrick 1988 (Derrick , 1992 Derrick and Balci 1994 , 1997 Derrick et al. 1989) Chuck M. Esterbrook 1996 1987 (Frankel 1987; Frankel and Balci 1989) (Moose 1983; Moose and Nance 1987a, b; ) (Nance and Overstreet 1987a, b; Nance 1985, 1986; Overstreet et al. 1987) Ernest H. Page, Jr. I Ph.D. 1994 1 (Page , 1994 ) I 1991 (Puthoff 1991) 1995 (Tuglu 1995) 1985 (Wallace 1985 (Wallace , 1987 Wallace and Nance 1985) Richard B. Whitner M.S. 1988 (Whitner 1988; Whitner and Balci 1989) t All degrees are in Computer Science at Virginia Tech 1. Lead in the creation of a component-based simula-2. Increase automation and productivity in simulation tion marketplace so that simulation technology users model development enabling can realize significant economic benefits through . improved correctness, reliability and maintain-.
reduced costs of simulation projects, ability of simulation models and results, .
enhanced credibility of models and simulation . reduced time to develop and test simulation results, and models, and .
expanded applicability of less expensive tech-. increased amortization of costs through simulanology.
tion model component reuse. providing a focus on discourse in model specification at a level far more comfortable to application domain users than a programming language.
4. Broaden the markets for simulation software and U.S. model and component producers by promoting . the creation of systematically reusable simulation model components, .
increased interoperability among simulation modeling software and non-simulation software products, and . the convenient and ready adaptation of simulation model components and the creating software by potential foreign users.
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